The BLANC program suite is a set of programs which can be used for macromolecular structure determination by X-ray crystallography. The suite is designed to provide experienced crystallographers and students with a number of simple tools, at the same time allowing the building and testing of new algorithms. Besides a set of small programs, the BLANC system introduces so-called superprograms which represent larger programs composed of several smaller ones. They utilize the so-called black-box principle, requiring minimum preparation or intervention from a user. The programs are written in standard Fortran77 and communicate with each other by the standard BLANC data files. The package has been ported to all the major platforms such as UNIX, VMS and DOS. A current version of the suite is distributed by anonymous ftp. t Current address:
Introduction
The BLANC program suite project was started in 1979 in the laboratory headed by B. K. Vainshtein in the Institute of Crystallography, Moscow. The aim of the project was to develop an independent, flexible set of programs which could communicate with each other through standard data file formats.
The programs in the BLANC suite can be combined in different ways, allowing the user to perform many particular tasks. All computer codes are in standard Fortran77. The suite contains programs for analysis and merging of intensity data, structure solution programs utilizing SIR, MIR, SIRAS, MIRAS, molecular replacement and density modification methods. The complex also contains programs for crystallographic refinement and programs for analysis of macromolecular structures. Programs for displaying electron density, rotation function etc. are also available. The suite has been used for the determination of a number of protein structures, allowing us to accumulate experience along the way. Some examples of protein structures solved using BLANC are listed in Table 1 .
The program suite

Basic conception
The main idea behind the BLANC suite is simplicity. Special attention was paid, during development of the program system, to making it as user friendly as possible.
(i) All programs demand minimal necessary parameters. Most of them have default values and can be put into the program by pressing 'return'.
(ii) It is possible to use programs in dialogue or in batch mode. Modern computing technology allows most of the calculations for small-and medium-sized proteins to be carried out in real time; therefore, dialogue is the preferred way of running programs in the BLANC system. However, each program automatically produces a batch command file during dialogue. This feature can be used for repeated calculations.
(iii) Requests for program parameters are self-explanatory since there are short prompts with explanations.
(iv) If necessary, it is possible to use keywords to change certain parameter(s). A list of keywords is printed by the programs at the beginning of execution.
(v) Each program has a short description. It can be found in the program texts or in the BLANC manual.
The BLANC programs do not require large amounts of memory. Most of them can be run on an IBM PC with 640 K memory. Moreover, the memory requirements can easily be regulated by changing a single parameter inside the programs. All BLANC programs can be run at least by MS-DOS, VMS VAX and UNIX. Some of the BLANC programs and superprograms are listed in Tables 2 and 3.
Libraries
BLANC maintains a library of subroutines for performing the basic crystallographic and programming operations. Common subroutines, e.g. for opening and closing data files, reading and writing data, FFT (fast Fourier transform), matrix operations, etc., are gathered in a special library (LIBUTILS). This markedly shortens program code and makes it easy to read and modify. Each program has a subroutine version gathered in another library (LIBSUBR). This allows a programmer to develop larger programs composed of smaller ones. There are three main levels of programming modules in the BLANC suite. The highest level is superprograms. The superprograms normally implement a method (e.g. molecular replacement using a known model). Some programs may act like subroutines inside a superprogram. On the second level, there are the usual crystallographic programs which perform basic operations such as the calculation of structure factors, electron density etc. They use subroutines from the library. The subroutines themselves constitute a third level. The main goal of this programming level is to solve local tasks such as matrix operation, FFT and opening and closing files. This special arrangement of BLANC programs simplifies significantly the development of new programs.
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Original features of BLANC
The most popular large X-ray crystallographic packages are CCP4 (Collaborative Computational Project, Number 4, 1994) and X-PLOR (Briinger, 1992) . However, the structural organization of X-PLOR is markedly different from that of CCP4 and BLANC. Therefore, it seems appropriate to give a short comparison of CCP4 and BLANC. The basic ideas and philosophy of these two suites are quite similar although there are some significant differences in the details of implementation. The way programs in both packages communicate with each other is rather similar. Both packages contain many classical crystallographic algorithms such as MIR, SIR, Wang solvent flattening, Crowther fast rotation function, water peak search, etc. However, technically, the way these algorithms are implemented and interface with the programs is rather different. The CCP4 complex is basically designed to be used in batch mode while BLANC is more interactive and selfexplanatory. (Computers are so fast today that there is no need to run batch jobs in most cases, except when refining a structure.) BLANC contains a set of algorithms which is missing from the CCP4 package. We shall mention briefly here the most important of them.
Translation functions
BLANC contains state-of-the-art algorithms for calculation of various translation and packing functions (Vagin, 1983 (Vagin, , 1989 Harada et al., 1981) . The program TRPACK calculates a translation function which gives directly the position of the search molecule in the unit cell. TRPACK performs a calculation of the Patterson translation function, the packing function to detect areas of reasonable packing of the molecule in the unit cell. The translation function has been extended for cases where part of a structure is already known. This extension is of special importance when an unknown structure contains more than one molecule in the asymmetric unit. In addition, it is possible to calculate the so-called phased translation function [initially proposed by Read & Schierbeek (1988) ]. The method is now extended to all space groups [not the PI space group as in Read & Schierbeek (1988) ]. The phased translation function can be used, for example, for searching for the overlap between experimental electron density and model density.
Patterson scaling algorithm
BLANC has an algorithm for scaling of two data-sets using the Patterson origin peak (Rogers, 1965) . Earlier algorithms based on the Wilson plot proved to be somewhat unstable when scaling data at low resolution (e.g. less than 3 ~,). This occurs because the distribution of intensities collected from protein crystals is not Gaussian and deviates severely from it at low resolution. The main idea behind the new algorithm is to avoid these problems by using the Patterson origin peak as a tool for scaling of two data-sets. The method makes use of the fact that two scaled data-sets must have the same height and width as the origin Patterson peak. This approach does not require a priori assumptions about the nature of the distribution of the protein structure factors. The method gives a good approximation for the overall scale and temperature factors, even at low resolution, when other methods fail. In addition, this approach can help to estimate the 'effective' resolution of a data-set (Vagin, 1997) . Effective resolution is the minimal distance between two resolved peaks in the electron-density map. To calculate the effective resolution, we assume that the expected width of atomic peaks is equal to the width of the origin Patterson peak divided by the square root of two.
Low-resolution cut-off
In order to avoid the influence of disordered solvent on electron-density maps, normal practice is to apply a lowresolution cut-off (for example, 8 A). This, however, causes ripples in the Fourier transforms. A better approach is to use a 'soft' low-resolution cut-off using the following formula:
2 where Bof f = 4dmax, dma x being the minimum resolution, and s = sin 0/,k.
This approach allows one to make full use of the lowresolution data, for example, in the molecular replacement method. This equation can be applied both to observed and model structure-factor amplitudes. The 'soft' low-resolution cut-off is similar to the one described in some refinement programs as a way of modelling disordered solvent for scaling (Tronrud, 1996) . Here, however, it is applied simply as a possible tool for reducing the influence of low-resolution data in various crystallographic calculations. PROGRAMS Missing (unmeasured) data means that in the Fourier calculations their value is assumed to be equal to 0, causing undesirable noise in the map, and consequently influencing the results obtained by these methods. Murshudov, Vagin & Dodson (1997) give a method for restoring these data in the refinement procedure. However, when there is no model it seems that a better approximation for the unmeasured data is to use the average value of the rest of the data in the corresponding resolution shell. This method has been implemented in the program PSCALE (Patterson SCALing).
Omit procedure
Electron-density maps computed using calculated phases are subjected to the model bias. One of the ways to reduce this bias is to use phases from the omit map (Bhat, 1988) where a certain limited part of a model or density has been excluded from the calculations. An even better solution to the problem is the calculation of phases from a global omit map. The global omit map is created by a program OMIT_MAP. The program divides the electron-density map into several small boxes and step by step cleans the current box (sets all density values at grid points to zero), calculates new 'omit' phases, recalculates electron density for the omitted box using 'omit' phases and observed structure factors, and stores the content of the current small box in the special storage array. Then it moves to the next box repeating the whole procedure. At the end, the program calculates phases for the whole global omit map from the storage array and combines them with the initial phases. After that, a new cycle of the procedure may be started.
FFT
The FFT program (and subroutine) in BLANC is independent of space group and works for all space groups including cubic ones.
Superprogram examples
The most intriguing feature of the current BLANC development is the introduction of superprograms. Many of the conventional crystallographic approaches such as solution of heavy atom structures and the molecular replacement method have become well established and so standard that nowadays in most cases it is no longer necessary to divide the solution of a problem into several small steps. In most practical situations, therefore, it would be advantageous to have just a single program which could perform the whole task from the beginning to the end in a fully automated fashion. The program MOLREP which performs a complete search for molecular replacement solution using a known model is a good example of such an approach. The whole sequence of steps [calculation of rotation function coefficients, calculation of rotation function itself, selection of peaks, calculation of translation function and packing function, selection of final solution(s)] is performed automatically and requires no intervention from a user. The only information required is a name for the user's PDB file and a name for the file containing experimental data (Fobs).
File formats
There are four main types of file format for reflection data, map data, coordinate data and graphics metafiles. The coordinate data files are in ASCII but reflection and map files are binary. The BLANC reflection files in most cases uses 12 bytes of disk memory per single reflection. Three reflection indices are packed into one integer x 4. Two real numbers are used for storing information about amplitude and error estimate (tr). The header records contain information such as cell dimensions and symmetry operators. The reflection data are stored notionally as columns of real numbers. There is no need to mark columns by special labels since native, derivative and calculated data are always kept in separate files. Maps are PROGRAMS stored in a binary sequential access file as a three-dimensional array preceded by a suitable header which contains information about map dimensions, cell, symmetry information, maximum and minimum, mean and root-mean-square deviation density values, etc. Each density grid point is packed into a 2 byte integer. There is a possibility of converting BLANC map format to other map file formats for use on graphical devices. The relative compactness of the reflection and map files has special advantages when the suite is transported to PCs. This gives users an opportunity to use the BLANC suite or its components outside crystallographic laboratories, e.g. in biochemical laboratories (which normally do not possess large computers) or at home. The standard coordinate file format is close to mmCIF format (Bourne et al., 1996) . The program suite allows conversion from BLANC/mmCIF format to PDB (Bernstein et al., 1977) format and vice versa. Graphical programs produce output in PostScript format.
Documentation, installation and distribution
The BLANC manual gives details of the installation procedures. In order to run the programs certain environmental variables need to be set to appropriate values. Output document files are produced which contain necessary information about the progress of each particular run of the program. The program suite has been implemented on a large number of hardware platforms including UNIX. Installation is straightforward and full instructions are given in the BLANC manual. The BLANC program suite is distributed free of charge to academic institutes. The programs may be obtained by anonymous ftp from ftp.yorvic.york.ac.uk (first read file pub/ alexei/blanc/README).
Several programs and superprograms independent of the BLANC suite (SFCHECK, MOLREP, CONTACT, MAKECIF, EMIN, LIBCHECK etc.) are kept in separate directories at the anonymous ftp site. Separate arrangements can be made for commercial organizations. For further details contact AAV (email: alexei@ yorvic.york.ac.uk).
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